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Aim: To evaluate risk factors for lymphoedema development in the upper and lower limbs and to propose
a model that predicts risk of lymphoedema after lymphadenectomy.
Patients: We studied 84 patients who had undergone radical lymphadenectomies for cutaneous mela-
noma from 1990 to 2008.
Methods: The patients included underwent an evaluation that consisted of measurement of limb volume
using perimetry, application of the manually acquired perimetric data to the truncated-cone formula,
and data from medical records.
Results: Using multivariate analysis, we obtained the following risk factors for the development of
lymphoedema: reconstruction with graft (p¼ 0.013), Breslow depth >4 mm (p¼ 0.029), ilioinguinal
lymphadenectomy (p¼ 0.037) and wound infection (p¼ 0.036). We assigned points to each factor as
dictated by the value of the regression coefﬁcient, as follows: infection (1 point), ilioinguinal lympha-
denectomy and Breslow >4 mm (2 points each) and reconstruction with graft (3 points). The mathe-
matical model for predicting lymphoedema risk in the limb ipsilateral to the lymphadenectomy was
based on risk groups, deﬁned by score: low risk¼ 0 point (for which we calculated an 8.3% chance of
developing lymphoedema), intermediate risk¼ 1e2 points (26.8%), high risk¼ 3 points (52.9%) and very
high risk¼ 4 or more points (88.9%).
Conclusions: This study identiﬁed a melanoma thickness >4 mm, graft reconstruction, ilioinguinal lym-
phadenectomy and infection as risk factors for lymphoedema. From these factors, we constructed
a mathematical model that successfully predicted risk of post-lymphadenectomy lymphoedema. The
combined presence of these risk factors increased the chance of developing lymphoedema.
 2011 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Lymphoedema is a chronic disorder inwhich the demand on the
lymphatic system to drain lymph away greatly exceeds its capacity,
causing a progressive increase in the volume of the limb.1
Melanoma treatment consists of tumour resection followed by
analysis of the anatomical and pathological specimen.2,3
Regional lymphadenectomy is indicated for patients who have
positive sentinel lymph nodes or clinically suspect lymph nodes.
The primary complications following lymphadenectomy are lym-
phoedema, infection, seroma, scar dehiscence, restricted range of
movement of nearby joints and cutaneous numbness. Rates of
lymphoedema after surgery vary from 2 to 19% in the upper
limbs4e9 and 18 to 64% in the lower limbs.4,5,8e14panholi).
ciates Ltd. Published by Elsevier LtLymphoedema is the most common source of morbidity after
axillary and inguinal lymphadenectomies5,7,10,15e17 and has nega-
tive physical, social and emotional repercussions on patients’
quality of life.18
Few studies have sought to predict risk factors for development
of limb lymphoedema after inguinal or axillary lymph node
dissection performed as treatment for cutaneous melanoma. The
impact of different treatment types and their complications has not
been clariﬁed by existing studies.
The aims of this study were to evaluate the risk factors for
lymphoedema development in the limbs and to propose a mathe-
matical model that can predict the risk of limb lymphoedema after
lymphadenectomy.2. Patients and methods
The study was developed for patients diagnosed with cutaneous melanomawho
were admitted to the Department of Skin Oncology of AC Camargo Hospital betweend. All rights reserved.
Table 1
Univariate analysis of risk factors for lymphoedema.
Lymphoedema p-value
No Yes
(n ¼ 51) (n ¼ 33)
n % n %
Radiotherapy 6 11.8 7 21.2 0.242
Chemotherapy 7 13.7 6 18.2 0.581
Perfusion or infusion in the limb 3 5.9 5 15.2 0.253
Graft reconstruction 5 9.8 11 33.3 0.007
Flap reconstruction 6 11.8 3 6.1 1.000
Infection 10 19.6 15 45.5 0.011
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radical lymph node dissection for cutaneous melanoma and who had had surgery
more than six months earlier were included in this study. We excluded patients who
did not give consent or who had undergone limb amputation or bilateral lymph
node dissection that made perimetric comparison of the limbs impossible.
We measured limb volume via manual perimetry, using a tape measure to ﬁnd
limb circumference. The lower limbs were measured every 10 cm from the sole up to
the seventhmeasurement.19,20 For upper limbs, measurements were taken at 14 and
7 cm above the interarticular line through the elbow, and at 7, 14 and 21 cm below
it.21 A single researcher measured all patients to prevent differences in tension on
the tape. Perimetry of both upper limbs was performed for patients who had had
axillary dissection, and in both lower limbs in patients with inguinal lymph node
dissection. The data were processed using the truncated-cone formula:
V ¼
h

C1 C2þ C12 þ C22

12p
where, V ¼ volume of the ﬁnal segment of the limb, C1 and C2 ¼ circumference
measured between the points, and h ¼ distance between the circles (C1 and C2 in
each segment), measured in centimetres.
Upper limb lymphoedema was considered to be present when the difference
between the volumes of the two upper limbs was >10%7,11,22,23 while lower limb
lymphoedemawas deﬁned as a difference of>6.5%.10,11 The values for the upper and
lower limbs were based on volumes found by displacement of water, since no
studies exist that give a value for diagnosis of lymphoedema based on limb volumes
calculated by the truncated-cone formula.
Clinical, surgical, pathological and follow-up-related variables were collected
from medical records and patient interviews.
SPSS 15.0 was used for all statistics. Analysis of risk factors for onset of post-
operative lymphoedema was performed by means of the chi-square test or
Fisher’s exact test, depending on the expected values in the contingency tables.
Numerical data were compared between groups using the ManneWhitney test. A
forward stepwise logistic regression was used to identify the risk factors for
lymphoedema. A scoring system to predict risk of lymphoedema was developed
using the independent risk factors identiﬁed in the multivariate analysis. For our
purposes, the range of the regression coefﬁcients was calculated using the
difference between the minimum and maximum values. This range was divided
into three equal parts. Each risk factor was assigned points as dictated by the
regression coefﬁcients. Variables for which the regression coefﬁcient fell in the
ﬁrst third of the range received one point; in the second third, two points; and in
the last third, three points. No points were given when no risk factor was present.
A ﬁnal score was calculated for each patient as the sum of these points. Adher-
ence to normality was veriﬁed using the KolmogoroveSmirnov and ShapiroeWilk
tests for the following variables: Breslow, margin expansion, number of positive
lymph nodes and number of dissected lymph nodes. The signiﬁcance level was set
to 5%.
The project was approved by the Research Ethics Committee of AC Camargo
Hospital.Table 2
Relation between the numeric variables and the prevalence of lymphoedema.
Lymphoedema p value
No Yes
(n ¼ 51) (n ¼ 33)
Median Range Median Range
Breslow (mm)a 1.95 0.2e6.1 3.4 0.8e38.0 0.112
Margin expansion (cm)b 2 1e3 2 1e3.5 0.013
Number of positive lymph nodes 1 0e21 1 0e12 0.438
Number of dissected lymph nodes 23 2e67 18 4e51 0.041
a 15 cases without information.
b 38 cases without information.3. Results
Themajority of the patients werewomen (48 cases, or 57.1%), 73
patients were white (86.9%), 61 had dark hair (72.6%), and 66 had
dark eyes (78.6%).
The average patient age at the time of surgery was 47.2 years
(standard deviation 16.7) ranging from 5 to 80 years. On the day of
assessment for this study, patients’ average age was 52.5 (standard
deviation) 16years, ranging from10 to81years. The timeelapsed since
lymphadenectomy ranged from 6 to 117.8 months (median¼ 44).
We evaluated 84 patients (40 (47.6%) with axillary, 21 (25%) with
inguinal and 23 (27.4%) with ilioinguinal lymphadenectomy).
The prevalence of lymphoedema was 17.5% in the upper limbs
and 59.1% in the lower limbs (42.9% in inguinal lymphadenectomy
and 73.9% in ilioinguinal).
Univariate analysis of risk factors for lymphoedema is shown in
Table 1 and in Table 2, the relation between the prevalence of
lymphoedema and the numeric variables.
Multivariate analysis identiﬁed the following risk factors for
lymphoedema: ilioinguinal lymphadenectomy (OR ¼ 5.7; p ¼
0.042), wound infection (OR ¼ 4.3; p ¼ 0.040), graft reconstruction
(OR ¼ 7.8; p ¼ 0.016) and Breslow depth greater than 4 mm
(OR¼5.6;p¼0.030) (Table 3). These variableswerealso adjusted for
radiotherapy status and number of dissected lymph nodes.Table 4 shows the prevalence of lymphoedema according to the
number of points scored. Patients were classiﬁed into four risk
groups for lymphoedema depending on their score. A high preva-
lence of lymphoedema was observed in patients with high scores
(Table 5).
The ability of the score to predict risk of lymphoedema
(according to criteria found in the literature) was evaluated with
a ROC curve (Fig. 1). This analysis found an area under the curve of
0.82 (95% CI: 0.71e0.93), sensitivity of 70.8% (95% CI: 48.9e87.3%)
and speciﬁcity of 80.0% (95% CI: 65.4e90.4%).
4. Discussion
This study had several limitations, and it would have been more
ideal to study a larger number of participants in a prospective,
multicenter trial. However, it is very difﬁcult to reach the desired
numberof patients and to achieve a follow-upgreater thanﬁveyears.
Of note is the mathematical model to predict lymphoedema
which is proposed in this study and which has never been previ-
ously attempted.
In this study, multivariate analysis yielded local (Breslow depth,
graft reconstruction, and wound infection) and regional (type of
lymphadenectomy) risk factors for lymphoedema. Patients with
melanoma thickness greater than 4 mm were at high risk for
developing lymphoedema. However, the development of lym-
phoedema was not exclusively a matter of tumour biology, but
instead of the treatment offered to these patients. It is possible that
a more extensive resection causes greater damage and reduction of
ﬂow through the lymphatic system and consequently results in
a greater chance of developing lymphoedema. In addition, more
lymph nodes are often involved which may be of greater size or
may be associated with in-transit metastasis. Moreover, the limb
is often subjected to radiation and chemotherapeutic infusion.
Multivariate analysis was performed after replacing the variable
representing the Breslow depth with a variable for surgical margin,
but the model did not ﬁt well, such that surgical margin was not
identiﬁed as a risk factor; however it trended towards statistical
Table 3
Independent risk factors for the development of lymphoedema that were identiﬁed
by logistic regression.
Variablesa Regression
coefﬁcientb
OR
gross
OR
adjusted
CI 95% OR
adjusted
p
evalue
Ilioinguinal
lymphadenectomy
1.74 13.4 5.7 1.1e30.3 0.042
Wound infection 1.46 3.4 4.3 1.1e17.5 0.040
Reconstruction with
graft
2.05 4.6 7.8 1.5e41.2 0.016
Breslow depth >4 mm 1.73 1.5 5.6 1.2e26.9 0.030
a Variables adjusted by radiotherapy and number of lymph nodes dissected.
b The regression coefﬁcients ranged from 1.46 to 2.05 (range ¼ 0.59). The points
assigned to variables according to the regression coefﬁcients (b) were:
 b ¼ 1.46e1.65 ¼ 1 point  b ¼ 1.66e1.85 ¼ 2 points  b ¼ 1.86e2.05 ¼ 3 points.
Table 5
Prevalence of limb lymphoedema stratiﬁed by risk groups deﬁned on the basis of the
score.
Risk Groups Score Number of
individuals
with this score
Prevalence of
lymphoedema
Low risk 0 24 8.3%
Intermediate
risk
1 or 2 19 26.3%
High risk 3 17 52.9%
Very high risk 4 or
more
9 88.9%
(Chi-square test: p < 0.001).
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be that in nearly half of our cases, no information on the surgical
margin had been documented in medical records.
Reconstruction with a graft was also identiﬁed as an indepen-
dent risk factor for lymphoedema. This type of reconstruction
promotes local ﬁbrosis, with consequent decrease in lymphatic
ﬂow. Thus, a patient who is subjected to extensive resection and
reconstruction with a graft would have two risk factors for lym-
phoedema development, because both can obstruct lymphatic
drainage channels.
Bergmann21 and Vries10 previously found that surgical infection
increases the risk of developing lymphoedema. The high risk for
lymphoedema due to wound infection observed in this study was
similar to values fromother investigations.4,8e10,24 Results from this
analysis suggest that infection may increase risk for lymphoedema
via enhanced inﬂammatory ﬁbrosis of the lymphatic vessels in the
lymph node basin, which worsens the lymphatic drainage of the
limb.
The site of lymphadenectomy is clearly a risk factor for lym-
phoedema onset, due to the greater number of lymph nodes
dissected and the number of surgical procedures performed.
Allan14 asserted that the risk of lymphoedema was no different in
inguinal vs. pelvic lymphadenectomy, but that the diagnosis was
made subjectively (by criteria in medical records) and suggested
further that ilioinguinal lymphadenectomy be performed routinely
for palpable (clinically metastatic) nodes in the inguinal region.
Spillane25 also reported no difference between the two types of
lymphadenectomies, having diagnosed lymphoedema via opto-
electronic volumetry and perimetry. Although measurements were
made with perimetry, the analysis was not performed with the
truncated-cone formula, but by summing the circumferences. In
this study, patients who underwent ilioinguinal lymphadenectomy
were at high risk for lymphoedema. However, inguinal vs. iliac
lymphadenectomy was not found to be an independent risk factor.
This result is not surprising, since removing the inguinal and pelvic
lymph nodes leaves few alternative lymphatic pathways for the
ﬂow of lymph from the lower limbs. It is believed that when onlyTable 4
Prevalence of limb lymphoedema according to number of points scored.
Number of points
scored
Number of individuals with this
score
Prevalence of
lymphoedema
0 24 8.3%
1 8 25%
2 11 27.3%
3 17 52.9%
4 2 100%
5 2 50%
6 5 100%the inguinal lymph nodes are removed, the lymph can still ﬂow
through the superﬁcial lymphatic plexus to the pelvic lymph nodes.
However when the pelvic lymph nodes are removed, few alterna-
tive routes for lymph ﬂow remain.
Another risk factor shown to contribute to lymphoedema is
radiotherapy directed at the lymphadenectomy bed.5,10,26e29 For
this reason, it was included in the multivariate model as an
adjustment variable, although it was not signiﬁcant in univariate
analysis. Even in themultivariate model, the presence or absence of
radiotherapy was not associated with lymphoedema, most likely
because only a small number of our patients underwent post-
operative radiotherapy. In larger samples, it is likely that radiation
treatment would be identiﬁed as a risk factor in a multivariate
model.
The mathematical model for predicting risk of limb lymphoe-
dema after lymphadenectomy was based on risk groups deﬁned by
a score. Performing this calculation confers the advantage of
knowing in advance which patients have a greater chance of
developing lymphoedema and therefore having the opportunity to
institute more intensive preventive measures.
For example, a patient who undergoes ilioinguinal lymphade-
nectomy with subsequent site infection has a 52.9% chance of
developing lymphoedema, compared with 8.3% for a patient who
has an axillary dissection with infectious sequelae.
In summary, this study identiﬁed the following risk factors for
lymphoedema: ilioinguinal lymphadenectomy, reconstructionwith
graft, Breslow depth greater than 4 mm and post-operative wound
infection. A combination of risk factors increases the chance ofFig. 1. Ability of the score to predict risk of lymphoedema.
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depth >4 mm) usually require extensive lymphadenectomy and
graft reconstruction, the two factors that most increase the risk of
lymphoedema. The application of a mathematical model to predict
the risk of lymphoedema is feasible for the oncologist, and it is able
to identify patients who should havemore careful, earlymonitoring
and intensive physiotherapy. However, the results found in this
study must be validated in other studies.
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